Background. Colorectal cancer is a major health problem. Approximately 25% of the patients present with liver metastases at initial diagnosis and more than 50% develop metastases in the course of illness. Over the last few decades, with improvements in therapy, the management of colorectal liver metastases has changed dramatically.
INTRODUCTION
Colorectal cancer (CRC) is a major health problem. Nearly one million new cases are diagnosed worldwide annually (1) . It is the third most frequent cancer and the second leading cause of cancer-related deaths in the European Union (2) and in the United States (3) . Metastases are the most common neo plasms in an adult liver; however, their true prevalence is unknow. Liver is the most common site of CRC metastases which extremely worsen the prognosis. Approximately 25% present with metastases at the initial diagnosis and more than 50% of patients with colorectal cancer will develop metastases in the course of illness (4, 5) .
Over the last few decades, the management of colorectal liver metastases (CLM) has changed dramatically. Without treatment, the median survival of patients with CLM is 5-10 months (5) . Improvements in the diagnostics and medical, surgical, locoregional adjunctive therapies offer a better patient care and survival. Improvements in therapy present increasing challenges to clinical practitioners on the issue of CLM optimal management. Patients require a comprehensive multimodality treatment approach, but surgical resection does remain the mainstay and the only regularly curative treatment, with the 5-year survival rates reported as 20-50% (1, 6) .
The purpose of this review was to explore various disciplines and modalities of care, with surgical treatment ahead, for patients with CLM. The Medline / PubMed literature database was searched for articles concerning "colorectal liver metastases" "surgical treatment", "liver resection", "portal vein embolization", "radiofrequency ablation" and "chemotherapy", published up to August 2010. Special attention was paid to systematic reviews, evidence-based guidelines, meta-analyses and randomized controlled trials. We also present a brief report of our single-center experience in the surgical treatment of CLM as part of multidisciplinary approach.
TREaTMENT Of lIVER METaSTaSES
The treatment of metastatic CRC has one of two goals, depending on the patient's clinical condition. Palliative therapy aims to prolong survival while preserving or improving the quality of life, whereas organ metastases, usually hepatic, can be resected with curative intent (7) . Different treatment methods are listed in Table 1 . When possible, surgical resection is the standard of care for liver metastases as it is the only treatment that offers the chance of cure. The reported 5-year survival rates achieved after the resection of isolated hepatic metastases range from 25 to 50% (Table 2) (8) (9) (10) (11) .
For unresectable patients, advances in combination chemotherapy, particularly with targeted biologic agents, have resulted in tumour response rates of up to 50% and a doubling of median survival from 10 to 20 months in patients with metastatic CRC (12, 13) . Chemotherapy has also been used to downstage lesions, making about 15% of patients eligible for surgery; however, the majority of liver metastases remain not resectable (14) .
A number of local, less invasive treatment approaches, including ablative (e. g., RFA, cryoablation) and embolization (e. g., TACE) therapies have shown promising local control results, but each of these techniques has limitations and variable high recurrence rates (15) (16) (17) . Radiation therapy is an established palliative modality, but the optimal role of radiation therapy in the treatment of liver tumours has not been well defined (13) . A therapeutic approach that includes all aspects of multidisciplinary and multimodality care is required to select and treat this complex group of patients. For optimal care, multidisciplinary team (MDT) should consist of a diagnostic and interventional radiologist as imaging studies are critical to diagnose and to determine the course of treatment; an oncologist can provide an expert opinion on the best choices of therapy; a gastroenterologist (hepatologist) can guide the use of systemic agents and help manage their side effects; surgeons can help to recognize those who are candidates for resection; pathologists are needed to provide an analysis of tissue samples (18, 19) . Therefore, patients with colorectal liver metastases should be treated at centres with experience in liver surgery.
ClINICal gROUPS
Hepatic metastases are primarily resectable in only about 15-25% of patients (14, 20) . For the remaining 75-85%, resection is contraindicated by the presence of an unfavourable anatomical site or diffuse hepatic metastases, impaired liver function, non-resectable extrahepatic disease, the patient's poor general condition (9) . In up to 25% of patients with initially non-resectable metastases, treated with systemic therapy, organ metastases shrink to such an extent that a potentially curative operation can be considered (7) . Thus, treatment is chosen depending on the clinical group to which the patient belongs (Figure) (21) .
OlD RESECTabIlITy PaRaMETERS
It is now generally accepted that the contraindications for hepatic resection that were defined in the 1980s are no longer applicable. At that time, such features as the number of metastases (3 to 4), the size of the tumour lesion (less than 5 cm), a mandatory 1-cm tumour-free margin of resection and absence of extrahepatic disease dictated what was "resectable" (9, 22) . Nowadays, these factors are no longer considered as absolute contraindications to surgical resection, although they are still harbingers of the risk of recurrence after hepatectomy (23).
Prognostic scoring systems
Many different prognostic scoring systems are used to predict the patient's risk of recurrence and chances of long-term survival on the basis of preoperatively measured parameters (8, 24, 25) . These systems differ with respect to certain individual parameters; however, they share the common feature that a low score is correlated with a low risk of recurrence, while the chance of longterm survival is less than 10% when all risk factors are present. Fong et al. defined 7 parameters as independent predictors of a poor long-term outcome: positive margin, presence of extrahepatic disease, >1 metastasis, preoperative CEA level >200 ng/ml, the largest tumour >5 cm, node-positive primary tumour, occurrence of metastases within 12 months after the initial diagnosis. Authors present one of the most popular clinical risk scores (CRS) Figure. Clinical groups of patients with colorectal liver metastases (21) which includes 5 clinical criteria (Table 3) (8) . Risk scores may be utilized preoperatively as prognostic indicators of long-term outcome and hence be helpful in patient selection, but no prognostic parameter can identify with any certainty the patients who will not benefit from surgical treatment. Recently, Pulitano et al. analysis of 10-year follow-up data has also demonstrated that a positive surgical margin, >3 metastases, tumour size >5 cm are independent negative prognostic factors for survival (26) . The most important prognostic factor, according to many studies, is a tumour-free resection margin (27) . Table 3 . Clinical risk score (CRS): prognostic scoring system for CLM. One point is assigned for each positive criterion. Sum of points is CRS (8)
Clinical risk score (CRS)
• Node-positive primary tumour • Occurrence of metastases within 12 months after colon resection • The largest tumour >5 cm • >1 metastasis • Preoperative carcinoembryonic antigen level >200 ng/ml
NEw RESECTabIlITy PaRaMETERS
Recently the diagnostic assessment has become markedly more sensitive through the use of modern computed tomography (CT), magnetic resonance imaging (MRI) and PET-CT imaging (28) . There have also been technical improvements in surgical dissecting techniques and the development of potent systemic chemotherapy protocols in the treatment of CLM (29) . Surgeons and all MDT related to these factors and the improvement in postoperative care have a more liberal definition of what is resectable. The criteria for resectability have been expanded to include any patient in whom all disease can be removed with a negative margin (R0) and who has an adequate hepatic remnant. Specifically, instead of resectability being defined by what is removed, decisions concerning resectability now center around what will remain after resection, with a particular focus on the volume and function of the residual liver (22, 30) .
In general, 20-25% of the total liver volume appears to be the minimum safe volume that can be left following an extended resection in patients with a normal liver parenchyma. An anticipated future liver remnant (FLR) volume below 25% of the total liver volume leads to an increased risk of postoperative morbidity and mortality (31, 32) . However, FLR must be greater in patients who have received intensive chemotherapy or in cases of fatty liver, liver fibrosis or diabetes (30-50% FLR) and in patients with cirrhosis (50-70% FLR) (22, 33) . A recent systematic review and meta-analysis have shown that patients with steatosis had an up to twofold higher risk of complications, including hepatic insufficiency, after major liver resection, and those with excessive steatosis had an almost threefold higher risk of death (34) . Preoperative volumetry is indicated when a major hepatic resection is planned. CT or MRI can now provide an accurate, reproducible method for preoperatively measuring the FLR volume (35) . Nowadays, new liver function tests, such as LiMAx, significantly improve the preoperative evaluation of residual liver function for predicting the postoperative outcome in liver surgery (36) .
To conclude, CLM resectability is defined by the following criteria:
1. Comorbidity and the general operability of the patient.
2. Ability to obtain margin-negative (R0) resection of both intra-and extrahepatic disease.
3. Feasibility to preserve a sufficient liver volume after resection (FLR), consisting of at least two contiguous hepatic segments with an adequate vascular inflow, outflow and biliary drainage. 
INCREaSINg ThE NUMbER Of CaNDIDaTES fOR lIVER RESECTION
There are three broad strategies to increase the number of patients with resectable disease: increasing hepatic reserve, combining resection with local therapies (e. g., ablation), decreasing tumour size by preoperative chemotherapy (22) .
I. Increasing hepatic reserve
Portal vein obstructive procedures (embolization (PVE) or ligation (PVL)) and few-stage liver resection (2-or 3-stage) have enabled surgeons to increase FLR volume and to remove more disease (37) .
Portal vein obstructive procedures: PVE or PVL.
In some cases, the resection of one or more hepatic metastases is technically feasible, yet cannot be performed because the FLR volume would be too small. To minimize the risk of postoperative hepatic insufficiency, ipsilateral hepatic atrophy and contralateral hepatic hypertrophy can be induced preoperatively by selective embolization of the hepatic portal vein (9). PVE was first described in 1990 by Makuuchi as a means to hypertrophy the FLR prior to liver resection (38) . Currently, percutaneous transhepatic technique with various embolic agents is the procedure most commonly used for PVE (39) . If liver regeneration is adequate, FLR increase may be seen 4-6 weeks after the procedure. To decide whether PVE is necessary, an estimation of the remaining liver volume has to be performed. PVE should always be considered when the residual hepatic volume would be less than 25% of the normal function liver, less than 30% in patients with steatohepatitis or steatosis due to chemotherapy (or other etiology) and less than 40% in patients with severe fibrosis or cirrhosis (9, 23, 30) . Also, at least two contiguous hepatic segments must be free of metastases. As long as the liver is not cirrhotic, PVE results in a 40-60% hypertrophy of the contralateral hepatic lobe. PVL is as effective as PVE in inducing contralateral liver hypertrophy. Both can be performed simultaneously at the surgery for the primary CRC tumour (39, 40) . PVE and PVL have achieved a significant improvement in the outcome of major hepatectomy and have expanded the candidate pool of liver resection. Some new techniques, such as PVE with stem cell administration, have shown a promising clinical future. In patients requiring resection, the expansion of liver volume after PVE may be substantially lower and the time to surgery may be unacceptably long (observed to be up to 150 days) (32) . Evidence suggests that hematopoietic stem cells participate in hepatic regeneration (41) and are helpful to further augment and accelerate hepatic proliferation. Furst et al. prospectively evaluated the effectiveness of portal vein embolization (PVE) and autologous CD133+ bone marrow stem cell (BMSC) administration to the liver, compared with PVE alone, to augment hepatic regeneration in patients with large hepatic malignancies. Despite the small number of patients (13 patients) and the lack of a randomized reference group, they found more than a twofold higher mean daily hepatic growth rate in patients treated with PVE and BMSCs compared with patients who underwent PVE alone (9.5 mL/d ± 4.3 vs 4.1 mL/d ± 1.9) (P = 0.03). This resulted in a reduction of the time to surgery by an average of 18 days (27 days ± 11 vs 45 days ± 21) (P = 0.057). Data suggested that the concept of PVE with CD133+ BMSC administration to the liver bears the potential to accelerate and augment the proliferation of the FLR volume more than does PVE alone in preparation for extensive liver resection. The modality seems to be safe and suitable for clinical routine. Recent progress in stem cell research and cell transplantation spurs our attempts to augment preoperative liver regeneration and shorten the time to a sufficient expansion of the FLR volume (32) .
Few-stage hepatic resection.
A further way of enabling curative resection of patients with multiple bilobar liver metastases of CRC is the so-called few-stage (usually 2-stage) hepatic resection (42) . This technique is suitable for patients with bilateral hepatic metastases who can undergo neither complete tumour resection nor tumour resection combined with a local ablative procedure because of the risk of postoperative hepatic insufficiency (9) . In the staged resection, one lobe of the liver is usually cleared of tumour or resected initially. Then, after a period of recovery (usually around 3-4 weeks), the contralateral side is dealt with. In this time, regeneration and recovery of the initially treated lobe should occur.
A two-stage hepatectomy has become a viable option for the patients that were previously considered "unresectable" for multiple bilateral hepatic metastases, especially with the improvements in modern-day chemotherapy (23) . A two-stage hepatectomy should only be performed with a curative intent, and the application of this strategy must be carefully considered to avoid posthepatectomy liver failure (22) .
II. Combining resection with local therapies
Resection with ablation. Ablation of liver tumour was developed originally as an alternative option to surgical resection for unresectable lesions (43) . Combining hepatic resection with ablation can expand the number of patients who may be candidates for liver directed surgical therapy, particularly as larger lesions, which are less effectively treated with ablation, can be resected and small lesions can be ablated (22, 44) .
The term "tumour ablation" is defined as a direct local application of chemical(s) or thermal energy to achieve tumour destruction. It can be performed percutaneously, laparoscopically, or at open surgery, and is currently used for tumours up to 5 cm in diameter. There are various modalities of ablation therapy currently used or under development (Table 5 ) (43) .
More recently, RFA has been adopted as the most commonly applied ablation method, probably because of a smaller size of equipment, speed of use, lower cost, and fewer hepatic parenchymal complications (22) . Other local ablative approaches have also been applied to liver metastases, including high-intensity ultrasound ablation or laser thermotherapy, but these have not gained widespread acceptance (45) . The ideal diameter of an ablation is 2 cm larger than the diameter of the tumour as this ensures that all microscopic invasions around the metastasis have been destroyed (43) . Tumours ≤4 cm in diameter can typically be ablated with a single placement of the electrode, and larger tumours require multiple deployments and ablations (22) . Complications after RFA included bleeding, fever, pain, biliary fistulae, and hepatic abscess (46) . Local recurrence following RFA is highly dependent on tumour size as well as location within the liver. In a retrospective series comparing 418 patients treated by resection only, RFA and resection, and RFA alone, recurrences were lowest with resection only (52%, 64% and 84%, respectively) (47) . However, the reasons why patients receive RFA instead of resection are usually based on a more extensive disease that cannot be encompassed by resection.
A recent retrospective study compared hepatic resection (44 patients) with RFA (25 patients) for solitary CLM. The 5-year overall survival rate after resection was higher than after RFA (50.1% and 25.5%, respectively) (48) . Also, a literature review indicated that RFA along with chemotherapy showed a better survival after RFA alone (30, 49) . While prospective data are still needed to assess the comparability of RFA versus resection, RFA should continue to be used in combination with resection as a means to achieve a complete extirpation or destruction of all tumour-bearing liver in otherwise unresectable patients (22) .
III. Decreasing tumour size with preoperative chemotherapy ("down-staging")
In patients with initially unresectable CLM, preoperative chemotherapy is indicated. About 20% of metastases respond to treatment with 5-fluorouracil (5-FU) and folic acid. Combination therapies that include oxaliplatin and irinotecan rise response rates up to 60% (50) . This superior efficacy of chemotherapy agents can downsize tumours to resectable and downstage 15% to 40% of patients (10) . The first major clinical series of this type was reported by Bismuth et al.: the 5-year-survival was 40%, i. e. comparable with that of patients with primarily resectable hepatic metastases (51) . While receiving chemotherapy, these patients should be regularly evaluated for resectability, and the operation should be performed as soon as a R0 resection becomes possible (7), because hepatic toxicity following preoperative chemotherapy, including steatosis, sinusoidal dilation and steatohepatitis, has been reported in many studies (52) . These changes are associated with significantly more frequent perioperative complications, including mortality (53).
ExPERIENCE Of VIlNIUS UNIVERSITy hOSPI Tal SaNTaRISKIU ClINICS IN 2003-2009
Between January 2003 and December 2009, at the Vilnius University Hospital Santariskiu Clinics, 31 patients (17 female and 14 male) underwent liver resection for liver metastases; 25 operations (80.65%) were performed for CRC MTS. The mean age of 31 patient population was 62.32 ± 9.79 (range, 43-78) years. The mean size of the tumour was 6.4 (range, 2.6-15) cm. In 24 cases (77.42%), less than four liver segments were removed, and 7 patients (22.58%) underwent hemihepatectomy or removal of more than 4 liver segments. All liver metastases were not resectable by straightforward resection, and portal vein obstructive procedures were performed in two cases: one percutaneous PVE and one PVL intraoperatively. There were 4 early postoperative complications in 3 patients (9.67%): 2 biliary fistulas, 1 bleeding to abdominal cavity, 1 liver failure. The mean time of hospitalization was 12 (range, 6-34) days.
Analysis of survival
In all patiens operated on for liver metastases (n = 31), the median survival was 29 months, and the overall survival after 1, 2 and 3 years was 82.9, 64.5 and 48.4%, respectively. In the subgroup of patiens treated for CLM (n = 25), the median survival was also 29 months. The overall survival after 1, 2 and 3 years was 86.9, 63.5 and 42.3%, respectively. Even if the population of our patients with CLM (n = 25) is not comparable with those published by other authors, we observed optimistic survival results in our cases (Table 6 ) (10, 11).
CONClUSIONS
1. Over the last ten years, liver surgery has changed dramatically.
2. A thorough patient selection in MDT may improve the results significantly.
3. CLM treatment results at the Vilnius University Hospital Santariskiu Clinics are adequate. 
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